huxleyi, which is to some extent unique compared with non-calcifying algal classes. 
Abstract 1 Introduction
Evidence from in situ and satellite observations indicates that E. huxleyi is 89 increasingly expanding its range poleward in both hemispheres over the last two 90 decades, and contributing factors to this poleward expansion may differ between 91 regions and hemispheres (Winter et al., 2014) . For example, warming and freshening 92 have promoted E. huxleyi blooms in the Bering Sea since the late 1970s (Harada et al., 93 2012), while temperature and irradiance were best able to explain variability in E. Goettingen, Germany) North Sea water with a salinity of 37 psu. Macronutrients were 168 added as sodium nitrate (NaNO 3 ) and potassium dihydrogen phosphate (KH 2 PO 4 ) to 169 achieve three N:P supply ratios, i.e., 35.2 µmol · L -1 N and 3.6 µmol · L -1 P with non-significant effect of N:P supply ratios detected (Table 1) . PIC:POC increased 334 with increasing temperature and decreased with enhanced pCO 2 ( Fig. 3 d and h ). 
Fatty acids

336
The most abundant FA group was polyunsaturated fatty acids (PUFAs) (33%-54% 337 of TFAs), followed by SFAs (22%-46%) and monounsaturated fatty acids (MUFAs)
338
(13%-27%), across the entire tested gradients of temperature, N:P supply ratios and 339 pCO 2 (Table S4 ). The high proportion of PUFAs was predominantly caused by high 340 amounts of DHA (12%-31%) and 18:4n-3 (3%-13%), and SFAs was mainly 341 represented by 14:0 (13%-23%) and 16:0 (5%-11%). The major individual MUFA 342 was 18:1n-9 (8%-21%).
343
GLMMs results showed significant effects of temperature and pCO 2 on the 344 proportions of both MUFAs and PUFAs (bold letters in Table 1 ). Increasing 345 temperature caused a decrease in the proportion of MUFAs and an increase in PUFAs
346
( Fig. 4 a) . In contrast, enhanced pCO 2 resulted in an increase in MUFAs and a 347 decrease in PUFAs at higher temperatures (Fig. 4 c) .
348
The proportion of major individual PUFAs (DHA) showed significant responses to 349 temperature and N:P supply ratios, and the interactions between temperature and N:P 350 supply ratios (and pCO 2 ) (bold letters in Table 1 ). Increasing temperature and nutrient 351 deficiency caused an overall increase in DHA (Fig. 4 b) . The interactions between 352 increasing temperature and nutrient deficiency (and enhanced pCO 2 ) affected DHA 353 synergistically (Table S3) , and the positive effect of temperature became more 354 pronounced at lower N:P supply ratios (Nested model, p < 0.001) and at the low pCO 2
355
(Nested model, p < 0.001) (Fig. 4 b and d) . in N:P and C:P, respectively, with the less variation explained by temperature (33% 423 and 38% of the variation in N:P and C:P, respectively) (Martiny et al., 2013) . (Table   432 2). Under N deficiency, the 36% decrease in PON:POP was driven by a 33% increase 
448
Warming resulted in slight decreases in POC:PON (-6%) and POC:POP (-3%) and 449 an 5% increase in PON:POP, associated with a 8% decrease in cellular POC content 450 and 5% to 9% increases in cellular contents of PON and POP in E. huxleyi (Table 2) . Significant interactions between temperature and N:P supply ratios (and pCO 2 ) 522 were observed on cellular particulate carbon contents in our study ( in the proportion and content of PUFAs at higher pCO 2 (Table S6) In summary, our study showed stronger effects of pCO 2 and temperature, and a 598 weaker effect of N:P supply ratios on the proportions of unsaturated FAs in E. huxleyi.
599
It should be noted that using different units to quantify FA composition may cause 600 contradictory results, e.g., an increase in PUFA proportion (% of TFAs) but an overall 601 decline in PUFA contents per biomass (μg mg C -1 ) with increasing temperature in our 602 study (Table S5, S6) . Moreover, PUFA contents per biomass in two species of 603 non-calcifying classes (P. tricornutum and Rhodomonas sp.) showed a similar 604 response pattern with those in E. huxleyi in our study (Table S6), responded   605 negatively to warming and positively to N (and P) deficiency (Bi et al., 2017) . 606 However, differential responses were also observed, e.g., a significant negative effect mean percent increase and decrease in a given response, respectively. 
